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TITLE OF THE INVENTION 
EXPOSURE APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to an exposure 
apparatus suitable for manufacturing a device typified 
toy, e.g. , a semiconductor device or liquid crystal 
display device. 

BACKGROUND OF THE INVENTION 

An exposure apparatus which transfers the pattern 
of a master such as a reticle onto a substrate such as 
a wafer or glass plate, coated with a photosensitive 
agent, is used to manufacture a device such as a 
semiconductor device or liquid crystal display device 
by photolithography. 

Exposure apparatuses include a step & repeat 
exposure apparatus (a so-called stepper), a step & scan 
exposure apparatus (a so-called scanner or scanning 
exposure apparatus), and the like. The step & repeat 
exposure apparatus transfers a reticle pattern onto 
each shot region on a wafer while holding a wafer stage 
on which the wafer is mounted still. On the other 
hand, the step & scan exposure apparatus scans a 
reticle and wafer relative to a projection optical 
system while projecting part of a reticle pattern onto 
the wafer through the projection optical system. 
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thereby transferring the reticle pattern onto each shot 
region on the wafer. 

Operation of an exposure apparatus can be 
classified into normal exposure which transfers a 
reticle pattern onto a wafer and measurement exposure 
which measures the illuminance uniformity and the like 
on an exposure f ield . 

Fig. 9 is a view showing the schematic 
arrangement of a conventional exposure apparatus . Note 
that an exposure apparatus shown in Fig. 9 can be 
implemented either as a stepper or as a scanner. 
Referring to Fig. 9, an excimer laser 1 serving as a 
pulse light source emits pulsed illumination light. 
Illumination light from the excimer laser 1 is shaped 
into a parallel beam having a desired sectional shape 
by a beam shaping optical system 2 . Linearly polarized 
illumination light having passed through the beam 
shaping optical system 2 is converted into circularly 
polarized illumination light by a quarter-wave plate 3. 
The circularly polarized illumination light is 
reflected by a reflecting mirror 4 and is guided to a 
fly-eye lens 5. Many light source images are formed on 
the exit surface of the fly-eye lens 5, thereby making 
the illuminance distribution of the illumination light 
uniform. 

A beam splitter 6 transmits most of illumination 
light having passed through the fly-eye lens 5 to input 
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it to a lens group 7 and reflects the remaining part of 
illumination light to input it to an integrated 
exposure amount sensor 15. The lens group 7 
illuminates a reticle (master) 9 with a uniform 
illuminance distribution. In this example, a 
reflecting mirror 8 is arranged in the lens group 7. 

A pattern of the reticle 9 illuminated with 
illumination light is projected and transferred onto a 
wafer (substrate) 11 via a projection optical system 
10. The wafer 11 is mounted on a wafer stage 
(substrate stage) 12 and is moved or aligned by the 
wafer stage 12. This makes it possible to transfer a 
pattern onto a target shot region on the wafer. An 
illuminance uniformity sensor 13 is arranged on the 
wafer stage 12 and is used only in measurement 
exposure. 

Light reflected by the beam splitter 6 is 
condensed on the integrated exposure amount sensor 15 
by a condenser lens 14. The integrated exposure amount 
sensor 15 can be used not only in indirect monitoring 
of the exposure amount of the wafer during normal 
exposure but also in measurement exposure. A main 
control system 16 controls the excimer laser 1 on the 
basis of output signals from the illuminance uniformity 
sensor 13 and integrated exposure amount sensor 15, 
thereby controlling exposure of the wafer. 

As is commonly known, each photoelectric sensor 
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(the illuminance uniformity sensor 13 or integrated 
exposure amount sensor 15) used for an exposure 
apparatus changes in sensitivity due to a change in 
temperature of the light -receiving surface, and this 
affects the exposure accuracy. 

For example, in exposure amount control, the 
excimer laser 1 is controlled on the basis of an output 
signal from the integrated exposure amount sensor 15, 
thereby adjusting the exposure amount of the wafer. If 
the integrated exposure amount sensor 15 changes in 
sensitivity due to a change in temperature, an actual 
exposure amount of the wafer cannot be detected or 
estimated. Consequently, the exposure amount control 
accuracy decreases . 

In addition, if the illuminance uniformity sensor 
13 changes in sensitivity in measurement of the 
illuminance uniformity on an exposure field, a 
measurement error may occur. For example, a scanner 
can utilize an output signal from the illuminance 
uniformity sensor 13 to correct illuminance 
nonunif ormity using a slit or the like. Hence, a 
change in sensitivity of the illuminance uniformity 
sensor 13 can result in illuminance nonunif ormity in 
normal exposure. 

Fig. 2 is a view showing the relationship among 
an exposure region (a region to be exposed) , an 
illumination region, and the illuminance uniformity 
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sensor 13. In normal exposure, the wafer stage 12 is 
driven in a scanning direction such that an exposure 
region 18 passes by immediately below a slit 
illumination region 17 at a constant velocity. On the 
other hand, in measurement exposure, the wafer stage 12 
is driven such that the illuminance uniformity sensor 
13 is located immediately below the slit illumination 
region 17, thereby measuring the illuminance 
uniformity. 

For example, to measure the illuminance 
uniformity in a slit direction (the longitudinal 
direction of a slit), the illuminance uniformity sensor 
13 starts measurement from a point Yl in Fig. 2 and 
measures the illuminance uniformity of a region 
extending to a point Y2 at regular intervals . At this 
time, the quantity of light (integrated light quantity) 
with which the illuminance uniformity sensor 13 is 
irradiated increases as the illuminance uniformity 
sensor 13 moves from a start position (Yl) to an end 
position (Y2). This causes a rise in temperature on 
the light -receiving surface of the illuminance 
uniformity sensor 13, thus resulting in a change in 
sensitivity of the illuminance uniformity sensor 13. 
Fig. 3 is a graph showing an example of a change in 
sensitivity of the illuminance uniformity sensor 13 
which may occur while the illuminance uniformity sensor 
13 is moving in the slit direction. A change in 
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sensitivity of the illuminance uniformity sensor 13, as 
shown in Fig. 3, decreases the measurement accuracy of 
illuminance or illuminance uniformity. 

In recent years, the oscillation frequency of a 
pulse light source is increasing along with an increase 
in throughput of an exposure apparatus. For this 
reason, a change in sensitivity due to a change in 
temperature of a photoelectric sensor may greatly 
affect the exposure accuracy. 

As a prior art reference that is related to such 
a problem, there is available Japanese Patent Laid-Open 
No. 9-22120. An apparatus disclosed in this reference 
comprises a photoelectric sensor which measures the 
light quantity of a light beam as part of illumination 
light and a temperature detection means for detecting 
the temperature on the light -receiving surface of the 
photoelectric sensor. The apparatus corrects a change 
in sensitivity caused by a change in temperature of the 
photoelectric sensor on the basis of the temperature 
detected by the temperature detection means . The above 
reference also discloses an apparatus which comprises a 
photoelectric sensor which measures the light quantity 
of a light beam as part of illumination light, a 
temperature detection means for detecting the 
temperature on the light -receiving surface of the 
photoelectric sensor, and a temperature control means 
for controlling the temperature on the light -receiving 
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surface of the photoelectric sensor. The apparatus 
controls the temperature control means on the basis of 
a value detected by the temperature detection means, 
stabilizes the temperature on the light -receiving 
surface of the photoelectric sensor, and keeps constant 
a change in sensitivity caused by a change in 
temperature . 

However, it is difficult for the apparatuses 
disclosed in Japanese Patent Laid-Open No. 9-22120 to 
accurately correct an effect caused by a change in 
sensitivity due to a change in temperature. More 
specifically, even if the temperature detection means 
is arranged in the vicinity of the light -receiving 
surface of the photoelectric sensor, a slight 
difference in temperature occurs between the 
photoelectric sensor and the temperature detection 
means because they are separately provided. This 
disables accurate detection of the temperature on the 
light-receiving surface of the photoelectric sensor and 
accurate stabilization of the sensitivity of the 
photoelectric sensor. Accordingly, it is difficult to 
detect or estimate the accurate integrated exposure 
amount on a wafer. 

The provision of a temperature detection means 
and temperature control means , as in the apparatuses 
disclosed in the patent publication, increases the 
complexity of the arrangement of a wafer stage and 
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reduces the temperature stability. This may pose 
problems such as a decrease in performance of, e.g., a 
wafer stage and an increase in cost of the apparatus . 

SUMMARY OF THE INVENTION 
The present invention has been made in 
consideration of the above-mentioned background, and 
has as its object to, e.g., accurately correct an 
output variation due to a change in temperature of a 
photoelectric sensor. 

An exposure apparatus according to the present 
invention is arranged to transfer a pattern of a master 
onto a substrate using light emitted from a light 
source. The apparatus comprises a photoelectric sensor 
arranged at a predetermined position to control 
exposure of the substrate, a memory that stores an 
output variation characteristic of the photoelectric 
sensor with respect to a quantity of light with which 
the photoelectric sensor is irradiated, a calculator 
that calculates an output variation amount of the 
photoelectric sensor on the basis of the quantity of 
the light with which the photoelectric sensor is 
irradiated, energy per unit time of the light, and the 
output variation characteristic stored in the memory, 
and a compensator that corrects an output from the 
photoelectric sensor on the basis of the output 
variation amount calculated by the calculator. 
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An exposure apparatus according to the present 
invention can be implemented as a stepper, scanner, or 
any other type of exposure apparatus. 

The photoelectric sensor may be, e.g., a 
photodiode. In addition to this, any sensor can be 
employed as far as it converts light into electrical 
signals. The memory can employ any arrangement (e.g., 
RAM, ROM, a hard disk, or a logic circuit) as far as it 
stores information so as to allow provision of the 
information. The calculator and/or compensator can 
employ any arrangement for performing calculation, such 
as a CPU which operates in accordance with software, a 
logic circuit which has an arithmetic function defined 
using hardware, or the like. Each of the calculator 
and compensator may be comprised of a single processor. 
The light source may be, e.g., an excimer laser. In 
addition to this, any apparatus or arrangement can be 
employed as far as it generates light for exposure. 

According to a preferred embodiment of the 
present invention, the calculator can be arranged to 
obtain information that indicates the quantity of the 
light with which the photoelectric sensor is irradiated 
and the energy per unit time of the light on the basis 
of information for controlling the light source. 

The light source may be, e.g., a pulse light 
source that generates pulse light . The information may 
be information that indicates energy per pulse and the 
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number of pulses of the pulse light generated by the 
light source. In this case, the calculator can be 
arranged to calculate the quantity of the light with 
which the photoelectric sensor is irradiated on the 
basis of the number of pulses and the energy per pulse. 
Alternatively, the information may be information that 
indicates an oscillation frequency, oscillation duty, 
and energy per pulse of the light source. In this 
case, the calculator can be arranged to calculate the 
energy per unit time on the basis of the oscillation 
frequency, oscillation duty, and energy per pulse. 

The photoelectric sensor can include an 
integrated exposure amount sensor for monitoring an 
integrated exposure amount of the substrate during 
exposure of the substrate. In addition to or instead 
of this , the photoelectric sensor may include a sensor 
arranged on a stage to move the substrate such as an 
illuminance uniformity sensor that measures an 
illuminance uniformity in an exposure region. 

According to another aspect of the present 
invention, there is provided an exposure method. The 
method is an exposure method of transferring a pattern 
of a master onto a substrate using light emitted from a 
light source and can comprise a calculation step of 
calculating an output variation amount of a 
photoelectric sensor arranged at a predetermined 
position to control exposure of the substrate on the 
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basis of a quantity of light with which the 
photoelectric sensor is irradiated, energy per unit 
time of the light, and an output variation 
characteristic of the photoelectric sensor stored in a 
memory, a correction step of correcting an output from 
the photoelectric sensor on the basis of the output 
variation amount calculated in the calculation step, 
and an exposure step of controlling exposure of the 
substrate on the basis of the output from the 
photoelectric sensor corrected in the correction step. 
The output variation characteristic stored in the 
memory can include a characteristic of the output 
variation amount of the photoelectric sensor with 
respect to the quantity of the light with which the 
photoelectric sensor is irradiated. 

The present invention can further be recognized 
as a device manufacturing method. The method can 
comprise a step of transferring a pattern of a master 
onto a substrate using the above-mentioned exposure 
apparatus or exposure method, and a step of developing 
the substrate. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings , in which like reference characters designate 
the same or similar parts throughout the figures 
thereof . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings , which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
of the invention. 

Fig. 1 is a view showing the schematic 
arrangement of an exposure apparatus according to a 
preferred embodiment of the present invention; 

Fig. 2 is a view showing the relationship among 
an exposure region, illumination region, and 
illuminance uniformity sensor; 

Fig. 3 is a graph showing an example of a change 
in sensitivity of an illuminance uniformity sensor 13 
which may occur while the illuminance uniformity sensor 
13 is moving in a slit direction; 

Figs . 4A to 4C are charts for explaining a change 
in duty caused by changing the oscillation conditions 
(the oscillation frequency and oscillation duty) of an 
excimer laser; 

Fig. 5 is a graph showing an example of the time 
characteristic of the output variation amount of a 
photoelectric sensor ; 

Fig. 6 is a graph showing an example of the 
output variation characteristic of the photoelectric 
sensor with respect to the quantity of light with which 
the photoelectric sensor is irradiated; 



- 12 - 



CFM03338/P203-0481 

Fig. 7 is a chart showing an example of the time 
characteristic of pulse light with which the 
photoelectric sensor is irradiated; 

Fig. 8 is a chart showing an example of the time 
characteristic of pulse light with which the 
photoelectric sensor is irradiated; and 

Fig. 9 is a view showing the schematic 
arrangement of a conventional exposure apparatus . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
A specific application example of the present 
invention will be exemplified below with reference to 
the accompanying drawings. Fig. 1 is a view showing 
the schematic arrangement of an exposure apparatus 
according to a preferred embodiment of the present 
invention . Note that the same reference numerals as in 
Fig. 9 denote the same parts, and a description thereof 
will be omitted. 

First , an excimer laser 1 as an example of a 
pulse light source will be described with reference to 
Figs. 4A to 4C. The operating period of the excimer 
laser 1 consists of iterations of an irradiation period 
for irradiation with pulse light and a non- irradiation 
period (non-operating period). The proportion of the 
sum of irradiation periods to the operating period of 
the excimer laser 1 (i.e., (the sum of irradiation 
periods )/( the sum of irradiation periods + the sum of 
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non-operating periods)) will be referred to as a 
"duty". The duty is 100[%] when the excimer laser 1 is 
operating with its maximum oscillation frequency 
(Fig. 4A) . For example, two methods can be used to 
change the duty. 

The first method properly inserts non-operating 
periods while maintaining the maximum oscillation 
frequency of the excimer laser. That is, an 
"oscillation duty" is changed. When non-operating 
periods are inserted to stop the excimer laser from 
oscillating during the periods, as shown in Fig. 4B, 
the duty can be decreased. In the example shown in 
Fig. 4B, the duty can be expressed as 66[%] in 
consideration of the proportion between the sum of 
non-operating periods and that of irradiation periods. 

The second method changes the oscillation 
frequency of the excimer laser within an arbitrary 
frequency range below the maximum oscillation 
frequency. As shown in Fig. 4C, if the oscillation 
frequency decreases , the light quantity per unit time 
decreases. This can obtain the same effect as that 
obtained when the oscillation duty is low. In the 
example shown in Fig. 4C, the oscillation frequency is 
one-quarter that of the example shown in Fig. 4A, and 
the light quantity per unit time decreases by a factor 
of 4. Hence, the duty can be expressed as 25[%]. 

That is, the duty of the excimer laser 1 depends 



- 14 - 



CFM03338/P203-0481 

on the oscillation frequency and oscillation duty and 
can be calculated by: 

duty = 1 x D x (f/f m ) ...(1) 

where D is the oscillation duty of the excimer laser 1, 

f is the oscillation frequency (at which the excimer 
laser oscillates) of the excimer laser 1, and f^ is 

the maximum oscillation frequency of the excimer laser 
1. 

Energy E AVE per unit time of light emitted from 

the excimer laser 1 can be expressed using the product 
of the duty and energy E p per pulse, as given by: 

E AVE = duty x E p . . . ( 2 ) 

The output characteristics of the photoelectric 

sensors (the illuminance uniformity sensor 13 and 

integrated exposure amount sensor 15) to be corrected 

using the present invention will be described next . 

Each photoelectric sensor can be, e.g., a single 

photodiode or an array of photodiodes . Fig. 5 is a 

graph showing an example of the time characteristic of 

the output variation of the photoelectric sensor (the 

illuminance uniformity sensor 13 or integrated exposure 

amount sensor 15). In Fig. 5, the abscissa represents 

time, and the ordinate represents an output variation 

amount Q when the photoelectric sensor 13 (or 15) is 
irradiated with light having predetermined energy E AVE . 

Referring to Fig. 5, the quantity (integrated value) of 
irradiation light increases with time. This changes 
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the temperature of the photoelectric sensor 13 (or 15), 
which in turn increases the output variation amount. 
Note that the temperature of the photoelectric sensor 
13 (or 15) is changed by heating its light -receiving 
surface by the energy of the irradiation light. 

After a further lapse of time, a change in 
sensitivity caused by a change in temperature 
saturates, and the output variation amount saturates. 
This is because the amount of heat generated on the 
light -receiving surface of the photoelectric sensor 13 
(or 15) by the energy of irradiation light becomes 
equal to the amount of heat released to its 
surroundings, and the temperature stabilizes. The 
output variation amount saturates in a shorter time and 
becomes larger with increasing energy of light per unit 
time . 

Fig. 6 is a graph showing an example of the 

output characteristic of the photoelectric sensor with 

respect to the quantity of light with which the 

photoelectric sensor is irradiated. In Fig. 6, the 

abscissa represents a quantity P of light with which 

the photoelectric sensor is irradiated, and the 

ordinate represents the output variation amount Q of 

the photoelectric sensor with respect to the light 

quantity P when the photoelectric sensor is irradiated 
with light having predetermined energy E AVE . The light 

quantity P can be calculated by equation (3) on the 
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basis of the energy E m and a time t. Note that the 

light quantity P calculated by equation (3) is 

equivalent to the product of the number of pulses of 

pulse light generated by the excimer laser 1 and the 
energy E p per pulse, and that the light quantity P can 

be calculated on the basis of this product. 

P = E AVE x t . . . ( 3 ) 

As shown in Fig. 6, E AVE and the output variation 

amount Q have a proportional relationship. 
Accordingly, letting q (p) be an output variation 

characteristic with respect to the light quantity P for 
E kax' tlie out P ut variation amount Q can be represented 



by: 



Q = < E ave/ E max> x <J,p, --< 4 ) 



In illuminance uniformity measurement, the 
illuminance uniformity sensor 13 can be stepped in a 
slit direction by a regular distance, and the light 
quantity P can be measured after each stepping. When 
the light quantity P is measured at each step, the 
illuminance uniformity sensor 13 is irradiated with 
pulse light having a predetermined number of pulses 
(e.g., several ten pulses to several hundred pulses) 
while scanning in a scanning direction. The average 
value of values detected by the illuminance uniformity 
sensor 13 can be set as the light quantity of each 
step. 

More specifically, the illuminance uniformity 
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sensor 13 Is irradiated with pulse light as shown in 
Fig. 7. A region B in Fig. 7 represents a period 
during which the illuminance uniformity sensor 13 is 
moved to the next step position. A region A represents 
a period during which the light quantity of each step 
is measured. In illuminance uniformity measurement, 
e.g., pulse light of several ten pulses to several 
hundred pulses can be emitted in the region A. 

In normal exposure, the integrated exposure 
amount sensor 15 is also irradiated with pulse light 
shown in Fig. 7. In this case, the region B represents 
a period during which the stage 12 is moved for 
exposure of the next exposure region; and the region A, 
a period during which an exposure region is irradiated 
with pulse light while scanning the stage 12. Note 
that normal exposure performs exposure amount control, 
unlike illuminance uniformity measurement, and thus 
there are some variations in energy between pulse light 
beams . 

A method of correcting an output variation due to 
a change in temperature of the photoelectric sensor 13 
(or 15) according to the preferred embodiment will be 
described. The following description assumes a case 
wherein the photoelectric sensor 13 (or 15) is 
irradiated with light in accordance with the time 
characteristic shown in Fig. 8. Procedures for 
correcting the output value of the photoelectric sensor 
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13 (or 15) at a point S in Fig. 8 will be explained. 

First in step 1, the characteristic specified by 
a function q (p) shown in Fig. 6 is stored in advance in 

a memory (e.g., a memory 21 in the control system 16) 

arranged inside or outside the exposure apparatus shown 
in Fig. 1. The function q {p) will be assumed to be 

stored in the memory 21 hereinafter. The function q (p) 

is determined on the basis of actual measurement, e.g., 
before or after incorporating the photoelectric sensor 
13 (or 15) . 

The following steps are performed during 
operation of the exposure apparatus . 

In step 2, to estimate the output variation 
amount of the photoelectric sensor at the point S in 
Fig. 8, a calculator 22 in the control system 16 
calculates the energy per unit time and the light 
quantity (the integarated quantity of light with which 
the photoelectric sensor 13 (or 15) is irradiated) 
during a period (a region refl in Fig. 8) from when 
irradiation of the photoelectric sensor 13 (or 15) with 
pulse light starts to the point S in accordance with 
equations (2) and (3), respectively. The duty in 
equation (2) is determined by parameters which the 
control system 16 provides for the excimer laser 1 and 
is already known in the control system 16. That is, 
the duty can be calculated by the calculator 22 in 
accordance with the method described with reference to 
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Fig. 4. E p (energy per pulse) in equation (2) is given 

in advance to the control system 16 as a parameter. In 

equation (3), t (time) corresponds to refl. 

In step 3, the calculator 22 calculates the 

output variation amount Q of the photoelectric sensor 

13 (or 15) at the point S using the light quantity P 
and the energy E Mro per unit time obtained in step 2 as 

AVE 

parameters in accordance with the characteristic 
specified by the function q (p) stored in the memory 21. 

More specifically, the output variation amount Q with 

respect to the light quantity P obtained in step 2 when 
the energy E = E usv is calculated on the basis of the 

AVE MAX 

function q (p) . By substituting the value of Q into q (p) 
in equation (4) and the value of the energy E AVE into 

equation (4), the output variation amount Q at the 
light quantity P obtained in step 2 and the energy E m 

per unit time can be calculated. 

In step 4, a compensator 23 in the control system 
16 corrects the value of an output signal actually 
obtained from the photoelectric sensor 13 (or 15) on 
the basis of the output variation amount Q at the point 
S in Fig. 8, which is obtained in step 4. More 
specifically, the compensator 23 subtracts the output 
variation amount Q at the point S from the value of the 
output signal of the photoelectric sensor 13 (or 15) , 
thereby obtaining an accurate measurement value at the 
point S. 
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The above description is not intended to perform 
correction calculation by the compensator 23 only at 
the fixed point S (one timing) in exposure of one 
wafer. In practice, the compensator 23 performs 
correction calculation continuously or intermittently. 
That is, the compensator 23 can perform correction 
calculation every time an output value from the 
photoelectric sensor 13 (or 15) is needed. 

When the above-mentioned correction calculation 
is performed for an output from each of the illuminance 
uniformity sensor 13 and integrated exposure amount 
sensor 15, an output variation amount due to a change 
in temperature of each photoelectric sensor can be 
corrected to accurately detect or estimate the 
illuminance uniformity and integrated exposure amount . 
This can adjust the integrated exposure amount and 
illuminance uniformity and thus can increase the 
exposure accuracy . 

In addition, according to this embodiment, no 
temperature sensor is required for correction 
calculation. This solves a problem such as a 
correction error due to a temperature measurement 
error, an increase in complexity of the arrangement of, 
e.g., a stage due to a temperature sensor (and a 
decrease in temperature stability of the stage), an 
increase in cost, or the like. 

The present invention can be applied to a case 
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using a pulse light source as well as a case using a 
continuum source. The present invention can be applied 
to a stepper or any other type of exposure apparatus, 
in addition to a scanner. 

An exposure apparatus according to the present 
invention can reduce, e.g., the integrated exposure 
amount from the target exposure amount and the 
illuminance nonunif ormity . If the exposure apparatus 
is applied to a lithography process, a pattern can be 
formed at high precision and high yield. The 
lithography process may include, e.g., a step of 
applying a photosensitive agent to a substrate such as 
a wafer or glass plate, a step of transferring a 
pattern of a master onto the substrate coated with the 
photosensitive agent using an exposure apparatus # and a 
step of developing the substrate onto which the pattern 
is transferred. 

According to the present invention, an output 
variation due to a change in temperature of a 
photoelectric sensor can accurately be corrected. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
claims . 
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